Lysogenic bacteria are capable of producing and releasing phage, and they are immune to lytic infection by the same or closely related phages (4). Because lysogeny has been observed in many different bacterial species, it is considered a normal rather than a unique state (14) . Lysogeny frequently affects the physiology of the host cell. For instance, lysogenic bacteria possess host-controlled modification and restriction systems not found in the nonlysogenic strains (14, 21). Arber (2) demonstrated that bacteriophage plated with an efficiency of 1.0 on Escherichia coli K-12 but with an efficiency of 10-i on E. coli K-12 carrying prophage P1. The lambda that were produced by the P1 lysogens plated with equal efficiency on both the lysogenic and nonlysogenic strains. Restriction in this case involved the rapid degradation of the lambda deoxyribonucleic acid (DNA) in the P1 lysogens. However, the genomes that were not degraded were modified and thus produced phage capable of infecting the restrictive host (3, 13). This modification was not a mutational event, because growth of modified phage for one generation in the nonrestrictive host severely impaired its ability to infect the restricted host. The number of modified phage produced by the restrictive host was profoundly influenced by the physiological state of the bacteria (20, 21). This restriction was not only limited to DNA isolated from bacteriophage. In the P1 restriction system, lysogens of the recipient strains (Fcell type) were reduced in their ability to produce genetic recombinants when they were crossed with Hfr or donor strains (14). The inability of lysogenic cultures to undergo genetic exchange has also been demonstrated in other model systems. For instance, DNAmediated transformation is reduced in lysogenic strains of Bacillus subtilis (24, 31) 
Strains of Bacillus subtilis lysogenic for either temperate bacteriophage X105 or SP02 were reduced to less than 1.0% of the level of transformation of the nonlysogenic strains. Strains lysogenic for both 4105 and SP02 are virtually nontransformable, indicating that the effect of lysogeny is additive. Lysogenic cultures transfected at essentially wild-type levels with deoxyribonucleic acid (DNA) isolated from bacteriophages 029 and SPOl. The residual transformation and transfection achieved by the lysogenic cultures changed dramatically during growth in SPII medium, whereas nonlysogenic strains remained competent for 5 hr in SPII medium. Despite a marked reduction in transformation, lysogenic cultures initially irreversibly bound as much DNA as nonlysogenic cultures. After 60 min in SPIH medium, there was a rapid decrease in the capacity of lysogenic cells to bind DNA irreversibly. These results, as discussed, indicate that the inhibition of transformation is probably due to an alteration of the cell surface or a differential inactivation of bacterial genes after lysogenic conversion.
Lysogenic bacteria are capable of producing and releasing phage, and they are immune to lytic infection by the same or closely related phages (4) . Because lysogeny has been observed in many different bacterial species, it is considered a normal rather than a unique state (14) . Lysogeny frequently affects the physiology of the host cell. For instance, lysogenic bacteria possess host-controlled modification and restriction systems not found in the nonlysogenic strains (14, 21) . Arber (2) demonstrated that bacteriophage plated with an efficiency of 1 .0 on Escherichia coli K-12 but with an efficiency of 10-i on E. coli K-12 carrying prophage P1. The lambda that were produced by the P1 lysogens plated with equal efficiency on both the lysogenic and nonlysogenic strains. Restriction in this case involved the rapid degradation of the lambda deoxyribonucleic acid (DNA) in the P1 lysogens. However, the genomes that were not degraded were modified and thus produced phage capable of infecting the restrictive host (3, 13) . This modification was not a mutational event, because growth of modified phage for one generation in the nonrestrictive host severely impaired its ability to infect the restricted host. The number of modified phage produced by the restrictive host was profoundly influenced by the physiological state of the bacteria (20, 21) . This restriction was not only limited to DNA isolated from bacteriophage. In the P1 restriction system, lysogens of the recipient strains (Fcell type) were reduced in their ability to produce genetic recombinants when they were crossed with Hfr or donor strains (14) . The inability of lysogenic cultures to undergo genetic exchange has also been demonstrated in other model systems. For instance, DNAmediated transformation is reduced in lysogenic strains of Bacillus subtilis (24, 31) (4105), and BR151(SP02). The concentration of DNA was determined by the diphenylamine method (11) . Radioactive DNA was prepared by adding 0.5 ml of an ovemight culture of B. subtilis 168 Thyto 10 ml of 3H-thymidine (specific activity of 20.2 Ci/mmole, 0.5 mCi/ml, New England Nuclear Corp.), 1.1 ml of lOx Spizizen's minimal medium (33) , 0.1 ml of 50% glucose, and 0.05 ml of 5% casein hydrolysate (Nutritional Biochemicals Corp., Acid Salt Free). After 4.5 hr of incubation at 37 C, the culture was centrifuged; it was then washed with minimal medium, and the DNA was isolated as described previously (31) .
Binding of radioactive DNA to competent cells. Radioactive DNA (25 Mliters) was added to 2.5 ml of competent cells in SPII medium. The cells were incubated for 20 min at 37 C before the addition of deoxyribonuclease (final concentration, 100 gg/ml).
After 10 min of incubation at 37 C, 0.5 ml of cells was removed to determine the viability and the frequency of transformation. The remainder of the culture was fixed by the addition of Spizizen's minimal medium containing 1.0% formaldehyde. The culture was centrifuged in a Sorvall type SP rotor at 8,000 rev/min for 10 min at 20 C. The pellet was resuspended in 10 ml of the formaldehyde solution and centrifuged as described above. The cells were washed three times by this procedure before the pellet was suspended in 2.5 ml of the Triton X-100 scintillation solvent of Patterson and Green (23) and poured into Beckman mini-vials. The tubes were rinsed with an additional 2.5 ml of the scintillation solvent and then with 0.5 ml of water. The radioactivity of these 5.5-ml samples was determined in a Beckman LS-230 liquid scintillation system. In control samples, 25 Mliters of 3H-DNA was pretreated for 15 min with 0.25 ml of deoxyribonuclease (1.0 mg/ml) before the addition of competent cells.
RESULTS
Effect of lysogeny on transformation and transfection. To obtain lysogenic strains that were isogenic to our standard recipient strain of B. subtilis 168, BR151 and aThe relative transformation or transfection ratio is calculated by dividing the average frequency of transformation or transfection for each strain by the average frequency of transformation or transfection of BR151.
b As with transfection with DNA from prophage SPO2 (Fig. 2) , the relative frequency of transfection with prophage DNA from 0105 varies during growth in SPII medium. In this experiment, DNA was added 60 min after dilution into SPII medium. (Fig. 1-3 (Fig. 4) show that strain BR151(0105, SP02) is capable of binding -labeled DNA at a wild-type level only for the first 60 min.
After 60 min, there is a rapid decrease in the binding of DNA. Strain BR151 also shows some decrease in binding of DNA after the first 60 min; however, this attrition is slower than that of strain BR151(½105, SPO2).
The increase in the ability of strain BR151(0105,SPO2) to bind labeled DNA at 240 min is coincident with an increase in the frequency of transformation (Fig. 3) .
DISCUSSION
Bacteriophages are highly successful in their ability to parasitize a host. Whereas virulent bacteriophages lyse the host within minutes, temperate phages can become integrated into parts of the host chromosome (prophage) or remain as an extrachromosome element (plasmid) within the host for extensive periods of time (14) . 17, 25) . Furthermore, Rutberg and co-workers dilution into SPII medium (T.0) as described in ' a Materials and Methods. At I hr, the numbers of Trp+ have also shown that these two bacteriophages transformants per 108 cells were 500,000 and 90 for do not complement each other, have less than strains BR151 and BR151((6105, SP02), respectively, 10% homology in DNA hybridization studies, whereas at 5 hr the numbers of Trp+ transformants and are different in their dependence on the per 108 cells were 4,600 and 160 for strains BR151 and enzyme systems of the host for their own DNA BR151(0105, SP02). Deoxyribonuclease-resistant synthesis (26) . Clearly, bacteriophages (105 counts per minute (CPM) bound to: strain BR151, 0; and SPO2 differ significantly in their morstrain BR151(40105,SP02), 0. phogenesis and possibly in the mechanism by which they decrease the frequency of transforcell envelope after infection are the best known mation. examples of this phenomenon (1, 12) . TemperPossible explanations for the decrease in ate bacteriophages must contain not only infor-transformation in lysogenic cultures of B. submation for the production of infectious parti-tilis include: (i) restriction of unmodified DNA, cles but in addition they must be able to (ii) deficiencies in recombination enzymes or maintain the integrity of their DNA during the other enzymes needed in transformation, (iii) lysogenic stage. It is of interest to note that alterations of cell wall or membrane resulting some temperate bacteriophages as well as some in reduced uptake of bacterial DNA, (iv) prefextrachromosomal elements control their own erential lysis of competent cells by their promodification and restriction systems (2, 9) . phage, and (v) preferential degradation of bacThus, once the bacteriophages or plasmids terial genes by nucleases. Some of these posbecome established in a host, other foreign sibilities can be ruled out by the experiments DNA entering the cell is degraded unless it has presented in this paper. Classical modification been modified. In addition to reducing the was not observed in this system. The DNA isolated from bacteria carrying one or both prophages was no more efficient in transforming the lysogenic strain than DNA isolated from nonlysogenic bacteria. Restriction without modification has been reported in other systems. An fi-R factor in E. coli K-12 restricts, but does not modify, X, Ti, T7, and W-31 bacteriophages (30) . In order for a restriction without modification system to be nonlethal for the cell, Watanabe et al. (30) postulated that the restriction enzyme would have to be located away from the bacterial and plasmid DNA, possibly at a membrane site. Restriction without modification could therefore explain the inability of B. subtilis lysogens to be transformed.
The loss or impairment of one of the enzymes necessary for recombination could explain why the lysogens can be transfected but not transformed. However, lysogenic strains of B. subtilis can be transduced by both PBS1 and SP10 (24, 31) , unlike the reduction in transduction noted in some of the recombination-deficient mutants of B. subtilis (15, 16) . In addition, these lysogens can be transfected by DNA from bacteriophage SPOl. Transfection with bacteriophage SPOl has been shown to require genetic recombination or repair (22) . Therefore, in at least three instances, lysogenic strains of B. subtilis have been shown to be capable of recombination.
Transfection with prophage DNA is reduced in certain recombination-deficient strains of B. subtilis (27) and Haemophilus influenzae (8 (19) . The process of sporulation also involves the production of new enzymes as well as the inactivation and cessation of transcription for many of the vegetative enzymes (28) . Thus, at the time of maximal competence, the prophage could modify the production of an enzyme necessary for transformation. This hypothesis gains some validity from the observation that certain defective mutants of X105 do not decrease the frequency of transformation whereas others do alter the ability of lysogens to be transformed (B. Reilly, personal communication). These experiments support the contention that reduction in the transformation in lysogenic bacteria is controlled by a gene in the prophage.
It is apparent from this study that lysogeny drastically reduces the genetic exchange of bacterial genes by DNA-mediated transformation but not by transfection with DNA from SPOl or 029 or by transduction with PBS1 or SP10. Furthermore, it must be emphasized that there is a marked fluctuation in the relative efficiency of transformation and transfection in lysogenic cultures as compared to the parent strain ( Fig. 1 and 2) . The most plausible explanations are an alteration in the cell surface or a differential inactivation of bacterial DNA. However, it is impossible to exclude preferential lysis of the competent population. Further studies are required to elucidate the mechanism of this phage-induced alteration in genetic recombination. ACKNOWLEDGMENTS This study was aided by a grant from the American Cancer Society (VC-271) and by Public Health Service grant 5-T01-GM 00592-12 from the National Institute of General Medical Sciences. We gratefully acknowledge the participation of M. J. Tevethia in discussing these results at the Transformation Meeting, 1972.
